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$EVWUDFW²)XQFWLRQDO HOHFWULFDO VWLPXODWLRQ )(6 KDV VKRZQ
JUHDW SRWHQWLDO LQ KHOSLQJ SDWLHQWV WR DFKLHYH WKHLU MRLQW
PRYHPHQWV 6LQFH PXVFOH V\VWHP H[LVWV QRQOLQHDU WLPH
YDU\LQJ DQG H[WHUQDO GLVWXUEDQFHV FRQYHQWLRQDO FRQWUROOHUV
DUHGLIILFXOWWRDFKLHYHWKHSUHFLVHFRQWURO,QRUGHUWRLPSURYH
WKHDFFXUDF\RI)(6IRUNQHHMRLQWPRYHPHQWLQWKLVSDSHUD
5%) QHXUDO QHWZRUN EDVHG VOLGLQJ PRGH FRQWURO PHWKRG LV
GHVLJQHG$QHOHFWULFDOVWLPXODWLRQPRGHORINQHHMRLQW LVILUVW
HVWDEOLVKHGWKHQRQOLQHDUSHUIRUPDQFHRI5%)QHXUDOQHWZRUN
LVXVHGWRDSSUR[LPDWHWKHORZHUOLPEMRLQWPRGHOXQFHUWDLQWLHV
DQG H[WHUQDO GLVWXUEDQFHV 7R GHWHUPLQH WKH ZLGWK RI KLGGHQ
OD\HU XQLWV DQG WKH DUFKLWHFWXUH RI WKH QHXUDO QHWZRUN WKH
JHQHWLF DOJRULWKP LV LQWURGXFHG WR RSWLPL]H WKH QHWZRUN
VWUXFWXUH SDUDPHWHUV 7KH H([SHULPHQWDO UHVXOWV VKRZ WKDW
QHXUDO QHWZRUN VOLGLQJ PRGH FRQWURO EDVHG RQ JHQHWLF
DOJRULWKP FDQ DFFXUDWHO\ FRQWURO WKH HOHFWULFDO VWLPXODWLRQ WR
REWDLQ WKH GHVLUHG MRLQW PRWLRQ DQG FDQ EH HIIHFWLYHO\
FRPSHQVDWHGLQWKHFDVHRIH[WHUQDOGLVWXUEDQFHV
.H\ZRUGVIXQFWLRQDO HOHFWULFDO VWLPXODWLRQ NQHH PRYHPHQW
WUDFNLQJQHXUDOQHWZRUNVOLGLQJPRGHFRQWURO
, ,1752'8&7,21
6SLQDO FRUG LQMXU\ 6&, LV WKH PDLQ W\SH RI FHQWUDO
QHUYRXVV\VWHPLQMXU\RIWHQOHDGLQJWRPRWRUGLVRUGHUVVXFK
DVSDUDO\VLV6&,VXIIHUVIURPVSLQDOFRUGQHUYHLQMXU\VRWKH
EUDLQ FRQWURO FRPPDQGV RI OLPE PRYHPHQWV FDQ¶W EH
WUDQVPLWWHGWRWKHOLPEPRWRUQHUYHUHVXOWLQJLQOLPEORVVRI
PRWRU IXQFWLRQ >@7KH UHKDELOLWDWLRQRI 6&,KDVEHFRPHD
PDMRU VRFLDO SUREOHP WR EH UHVROYHG >@ RQH RI WKH PRVW
FRPPRQ WHFKQLTXH WR DVVLVW WKH SDWLHQWV ZLWK 6&, LV
IXQFWLRQDOHOHFWULFDOVWLPXODWLRQ)(6XVLQJVKRUWHOHFWULFDO
SXOVHVLVDEOHWRJHQHUDWH)(6LQGXFHGFRQWUDFWLRQRIPXVFOH
SDUDO\VLV DQG WKH )(6 FDQ EH DGMXVWHG WR FRQWURO WKH
LQWHQVLW\RIWKHFRQWUDFWLRQOHYHO>@
$ ODUJH QXPEHU RI )(6 FRQWURO WHFKQLTXHV KDYH EHHQ
DSSOLHGWRWKHORZHUOLPE>@EXWIHZRIWKHPDUHFDSDEOHRI
SURYLGLQJKLJKDFFXUDF\ZLWKSDWLHQWV+XPDQERG\PXVFOH
LV QRQOLQHDU YRODWLOH DQG WKH HQYLURQPHQW LV FRPSOH[ >@
ZKLFKPDNHVLWGLIILFXOWWRFRQWURO)(6WRDFKLHYHWKHGHVLUHG
)(6SHUIRUPDQFH:KHQGHVLJQLQJ)(6FRQWUROV\VWHPLWLV
WKH YHU\ LPSRUWDQW WR LPSURYH WKH FRQWURO SUHFLVLRQ
DFFXUDWHO\ 4LX HW DO >@ XVHG 3,' DOJRULWKP WR FRQWURO WKH
IOH[LRQ DQG H[WHQVLRQ RI WKH NQHH MRLQW EXW ZKHQ H[WHUQDO
GLVWXUEDQFHVH[LVWLWEHFRPHVGLIILFXOWWRDFKLHYHWKHGHVLUHG
SHUIRUPDQFH .LUVFK 1 >@ SUHVHQWHG D JUDGLHQW SURMHFWLRQ
EDVHG103&IRUUHJXODWLQJDOLPEMRLQWDQJOHWKURXJK)(6
WKHFRQWUROOHUFDQIROORZVWHSFKDQJHVLQGHVLUHGDQJOHVDQG
LVUREXVWWRGLVWXUEDQFHV+RZHYHUWKHPHWKRGLVQRWUREXVW
WRXQFHUWDLQG\QDPLFVDQGRWKHUPRGHOLQJXQFHUWDLQWLHV
6OLGLQJ PRGH FRQWURO LV RQH RI WKH HIIHFWLYH QRQOLQHDU
UREXVW FRQWURO DSSURDFKHV VLQFH LW SURYLGHV PDWFKLQJ
FRQGLWLRQV IRU V\VWHP G\QDPLFV XQFHUWDLQWLHV DQG
GLVWXUEDQFHV ,Q >@ D IX]]\ VOLGLQJ PRGH FRQWUROOHU ZDV
SURSRVHG WKURXJK IX]]\ FRQWURO V\VWHP WR FRPSHQVDWH IRU
H[WHUQDO HUURU EXW WKH IX]]\ UXOH UHODWHG SDUDPHWHUV DUH
GLIILFXOW WR GHWHUPLQH 1HYHUWKHOHVV WKH FKDWWHULQJ SUREOHP
RIWKHVOLGLQJPRGHFRQWURODIIHFWVWKHVWDELOLW\RIWKHFRQWURO
WRDFHUWDLQH[WHQW>@7KHUHIRUHWKHQHXUDOQHWZRUNFRQWURO
LV RIWHQ FRPELQHG WR HOLPLQDWH WKH VOLGLQJ PRGH EXIIHWLQJ
:X >@ SURSRVHG D QHXUDO QHWZRUN DGDSWLYH VOLGLQJ PRGH
FRQWURODOJRULWKPZKLFKFDQOLPLWWKHFKDWWHULQJSKHQRPHQD
DQGDSSUR[LPDWHWKHXQPRGHOHGSDUWRIWKHV\VWHPEXW WKH
UHOHYDQW SDUDPHWHUV RI WKH QHXUDO QHWZRUN DUH REWDLQHG
WKURXJKH[SHULHQFH
%HFDXVH RI WKH QHWZRUN LV KDUG WR GHFLGHG LW ZLOO
FRQVWUDLQ WKH WUDLQLQJ HIIHFWV RI QHXUDO QHWZRUNV LI WKH
SDUDPHWHU YDOXH LV QRW DSSURSULDWH >@ ,Q WKLV SDSHU DQ
DGDSWLYH 5%) QHXUDO QHWZRUN EDVHG VOLGLQJ PRGH FRQWURO
PHWKRG LVGHVLJQHG WKHQ XVHJHQHWLF DOJRULWKP WRRSWLPL]H
WKH QHWZRUN SDUDPHWHUV WKH QRQOLQHDU 5%) LV XVHG WR
DSSUR[LPDWHWKHPRGHOXQFHUWDLQWLHVDQGGLVWXUEDQFHVZKLFK
KDV IDVWFRPSXWDWLRQ WLPH LQ UHDOWLPH LPSOHPHQWDWLRQ7KH
UHVW RI WKLV SDSHU LV DUUDQJHG DV IROORZV 6HFWLRQ ,, DQG ,,,
SUHVHQWVWKHG\QDPLFPRGHORINQHHDQGWKHQHXUDOQHWZRUN
VOLGLQJ PRGH FRQWURO EDVHG RQ JHQHWLF DOJRULWKP 7KH
H[SHULPHQWVDQGWKHUHVXOWVDUHVKRZQLQ6HFWLRQ,96HFWLRQ
9GUDZVWKHFRQFOXVLRQRIWKHSDSHU
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7KLVSDSHUIRFXVHVRQWKHNQHHH[WHQVLRQPRYHPHQWZLWK
WKH DVVLVWDQFH IURP )(6 V\VWHP DV VKRZQ LQ )LJ  7KH
G\QDPLFPRGHORIWKHOHJXVHGLQWKLVSDSHUZDVSURSRVHGLQ
>@WKHV\VWHPHTXDWLRQLV
 VLQ Y Y V D- PJO 0 % 0T T T       
ZKHUH - LV WKH LQHUWLDO PRPHQW RI WKH VKDQN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NQHH DQJOH DV VKRZQ LQ )LJXUH )LJ  T T  LV WKH MRLQW
DQJXODU YHORFLW\ DQJXODU DFFHOHUDWLRQ P LV WKH PDVV RI WKH
VKDQN O LV WKH GLVWDQFH EHWZHHQ WKH NQHH DQG WKH VKDQN
FHQWHU V0 LVWKHWRUTXHGXHWRWKHULJLGLW\FRPSRQHQW D0 LV
WKHNQHHWRUTXHGXHWRWKHHOHFWULFDOVWLPXODWLRQ
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  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% *HQHWLFDOJRULWKPWRRSWLPL]HQHXUDOQHWZRUNZHLJKWV
%HFDXVH 5%) QHXUDO QHWZRUN KDV XQLYHUVDO
DSSUR[LPDWLRQ 5%) QHXUDO QHWZRUN DSSUR[LPDWLRQ LV XVHG
WRFRPSHQVDWHIRUWKHXQFHUWDLQW\RINQHHPRGHOLQJDQGWKH
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MF LV WKH FRUH IXQFWLRQ FHQWHU ME LV WKHZLGWKSDUDPHWHU
RI WKH IXQFWLRQ 7KH VHOHFWLRQ RI WKH MF DQG ME KDYH D JUHDW
LQIOXHQFHRQWKHSHUIRUPDQFHRIWKHQHXUDOQHWZRUN
*HQHWLF DOJRULWKP LV DQ RSWLPL]HG VHDUFK DOJRULWKP E
DQG F LQ WKH QHXUDO QHWZRUN DUH HQFRGHG LQWR ELQDU\ FRGH
VWULQJ UHSUHVHQWDWLRQ DQG WKH LQLWLDO SRSXODWLRQ RI WKHVH
VWULQJV LV UDQGRPO\JURZQ VR WKDW WKH FRQYHQWLRQDO JHQHWLF
DOJRULWKPFDQEHRSWLPL]HG>@
,QWKLVSDSHUWKHPD[LPXPQXPEHURILWHUDWLRQVLV
WKHSRSXODWLRQVL]HLVWKHSDUDPHWHUELQDU\FRGLQJOHQJWK
LVDQGWKHRSWLPL]HGYDOXHLV
>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& $GDSWLYHVOLGLQJPRGHFRQWUROOHU
7KH PDWUL[ > @G G G[ H H T T T   RI WKH LGHDO PRWLRQ
DQJOH GT YHORFLW\ YT DFFHOHUDWLRQ YT DQJOH HUURU H DQG HUURU
UDWHRIFKDQJHRIWKHNQHHMRLQW H LVXVHGDVWKHLQSXWRIWKH
QHXUDOQHWZRUN
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%DVHG RQ WKH H[SHULPHQW RI JHQHWLF DOJRULWKP 5%)
VOLGLQJ PRGH FRQWURO WZR KHDOWK\ SDUWLFLSDQWV ZHUH WHVWHG
7KHSDUWLFLSDQWVVDWRQWKHFKDLUDQGWKH\ZHUHLQVWUXFWHGWR
UHPDLQUHOD[HGWRSUHYHQWPXVFOHFRQWUDFWLRQDQGLQIOXHQFH
LQ WKH PHDVXUHPHQWV H[SHULPHQWV 7KH H[SHULPHQW VHWXS LV
VKRZQ LQ )LJ  WKH H[SHULPHQW XVHV WKH HOHFWULFDO
VWLPXODWLRQ GHYLFH 0RWLRQVWLP 0('(/ *HUPDQ\ WR
VWLPXODWH WKH WKLJKTXDGULFHSVDQGXVHV WKHDQJOHVHQVRUWR
PHDVXUHWKHDQJOHGXULQJWKHVZLQJRIWKHFDOI7KHLQWHQVLW\
RI HOHFWULFDO VWLPXODWLRQ LV FKDQJHG E\ DGMXVWLQJ WKH SXOVH
ZLGWK DQG WKH HOHFWULF VWLPXODWLRQ IUHTXHQF\ LV +] WKH
FXUUHQWLVP$7KHUHVXOWVRIWKHLGHQWLILFDWLRQSDUDPHWHUV
IRU RQH VXEMHFW DUH VKRZQ LQ 7DEOH , WKH ERG\ ZHLJKW DQG
FHQWURLG SRVLWLRQ RI WKH FDOI ZHUH HVWLPDWHG E\ WKH ELQDU\
UHJUHVVLRQ HTXDWLRQ >@ DQG WKH SDUDPHWHUV VXFK DV WKH
VWDWLRQ HODVWLFLW\ RI WKH NQHH MRLQWPRGHOZHUH LGHQWLILHGE\
WKH OHDVW VTXDUHV PHWKRG WKH VSHFLILF SDUDPHWHU
LGHQWLILFDWLRQSURFHVVUHIHUVWRWKHOLWHUDWXUH>@
7KH H[SHULPHQWDO UHVXOWV DUH VKRZQ LQ )LJ  7KH
FRQWUROOHUZDVJLYHQDUHIHUHQFHRIIRUVIROORZHGE\
DUHIHUHQFHRIIRUV$FRPSDULVRQKDVEHHQGUDZQLQ
WHUPVRIWUDFNLQJWKHDQJOHVRIEHWZHHQWKHSHUIRUPDQFHVRI
WZR FRQWUROOHUV *$5%)60& DQG 5%)60& ,W FDQ EH
VHHQ IURP WKH )LJ  D ZKHQ LW UHDFKHV  WKH VXEMHFW
WDNHV V WR UHDFK VWHDG\ VWDWH EHFDXVH LW PXVW DFKLHYH D
FHUWDLQ LQWHQVLW\ RI HOHFWULFDO VWLPXODWLRQ WR LQGXFH FDOI
PRYHPHQW :KHQ LW UHDFKHV  XQOLNH WKH 5%)60&
FRQWUROOHU ZKLFK WDNHV D V WR FRQYHUJH WKH RSWLPL]HG
DOJRULWKPRQO\WDNHVVLWKDVIDVWUHVSRQVH)LJEVKRZV
WKHSXOVHZLGWKLWFDQEH
6XUIDFH
HOHFWURGH
$QJOH
VHQVRU
(OHFWULFDOVWLPXODWLRQ
LQVWUXPHQW
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